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[0001] 

[Field of the Invention] especially this invention possessed the circular polarization of 
light plate about EL (electro SUMINE sense) component - high it is related with a 
contrast EL element. 
[0002] 

[Description of the Prior Art] Since an organic luminescent material has arrived at the 
practical use region in recent years, the EL element attracts attention as a low power, a 
wide-field-of-view angle, and a display device of a thin light weight. Generally, 
according to the conventional EL element, the luminous layer is prepared on the 
reflector. This is for if possible carrying out outgoing radiation of the light which carried 
out point luminescence to an observer side by reflecting with a reflector the light by 
which outgoing radiation was carried out toward the reflector side from the luminous 
layer, and making the opposite side carry out outgoing radiation. 

[0003] However, since the outdoor daylight which carried out incidence reflects with a 
reflector to carry out to the condition, i.e., a black display, of not making a luminous 
layer emitting light so that the reflection factor of a reflector is high, when it considers 
as such a configuration, the black level of a black display worsens and there is a 
problem to which a contrast property falls. 

[0004] How only outdoor daylight makes a reflective component absorb is considered by 
lowering the reflection factor of a reflector or forming a polarizing plate and a 
quarter-wave length plate as an approach of avoiding this problem. The latter approach 
raises a conte strike by the following principles. That is, the outdoor daylight which 
carried out incidence turns into the circular polarization of light by penetrating a 
polarizing plate and a quarter-wave length plate. And if a quarter-wave length plate is 
again penetrated since the phase of the circular polarization of light shifts 180 degrees 
by reflection even if reflected by a glass substrate interface and the reflector, this 
circular polarization of light will turn into the linearly polarized light of the direction 
which intersects perpendicularly with the time of carrying out incidence, and will be 
absorbed by the polarizing plate. Therefore, regardless of the reflection factor of a 
reflector, outdoor daylight can acquire the same effectiveness as a reflecting-with 
reflector case. 

[0005] Moreover, also to not only reflection with a reflector but the dielectric reflection 
by the glass substrate interface, or reflection with a wiring electrode, the latter 
approach is effective and its contrast property improves remarkably as compared with 
the case where a polarizing plate and a quarter-wave length plate are not formed. 
[0006] However, among the light which carried out outgoing radiation from the 



luminous layer, when a polarizing plate is prepared, since it is absorbed with a 
polarizing plate, the problem that the display brightness itself falls arises at least 50%. 
For example, when the polarizing plate by which current utilization is carried out is 
used, as compared with the case where a polarizing plate and a quarter-wave length 
plate are not formed, display brightness falls about 56%. 
[0007] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the conventional EL 
element, when a polarizing plate and a quarter-wave length plate were not formed, the 
environment, i.e., outdoor daylight, where a contrast property was remarkable and low 
especially bright had become a big problem in the use under strong conditions. Moreover, 
although a contrast property improves remarkably when a polarizing plate and a 
quarter-wave length plate are formed, as compared with the case where a polarizing 
plate and a quarter-wave length plate are not formed, there is a problem that display 
brightness falls about 56%. 

[0008] This invention was made in view of the above trouble, and that purpose is in 
offering an EL element with the outstanding contrast property and the outstanding 
display brightness property. 
[0009] 

[A means to solve a problem] In order to attain the above-mentioned purpose, the EL 
element concerning this invention While being prepared between a polarizing plate, the 
quarter-wave length plate arranged behind the above-mentioned polarizing plate, the 
luminous layer arranged behind the above-mentioned quarter- wave length plate, the 
reflector arranged behind the above-mentioned luminous layer, and the 
above-mentioned quarter-wave length plate and a luminous layer A 
cholesteric-liquid-crystal layer is polymer-ized, and it is formed, and is characterized by 
having the selective reflection layer which reflects alternatively the 1st circular 
polarization of light component of incident light. 

[00 10] Moreover, according to the EL element concerning this invention, the 
above-mentioned luminous layer and a reflector are formed on a transparence substrate, 
the above-mentioned luminous layer is located between the above-mentioned 
transparence substrate and a reflector, and the above-mentioned selective reflection 
layer is prepared between the above-mentioned luminous layer and the transparence 
substrate. Moreover, according to other EL elements concerning this invention, the 
above-mentioned luminous layer and a reflector are formed on a transparence substrate, 
the above-mentioned reflector is prepared between the above-mentioned transparence 
substrate and a luminous layer, and the above-mentioned luminous layer is 



characterized by being prepared between the above-mentioned reflector and a selective 
reflection layer. 

[0011] In the EL element concerning this invention, the above-mentioned selective 
reflection layer carries out the laminating of two or more cholesteric-liquid-crystal 
layers from which a pitch differs mutually, respectively, and is formed, or is formed in 
the direction of thickness of the cholesteric-liquid-crystal layer whose pitch is one layer 
which changed in ream side, and is characterized by reflecting the circular polarization 
of light of the same direction as the direction of a spiral of the above-mentioned 
cholesteric layer in the wavelength of the light whole region to light. 
[0012] According to the EL element constituted as mentioned above, it becomes the 
circular polarization of light, and is not reflected by the selective reflection layer, but the 
outdoor daylight which carried out incidence through the polarizing plate and the 
quarter-wave length plate is penetrated as it is. And incidence of the outdoor daylight 
which penetrated the selective reflection layer is carried out to a reflector, and it is 
reflected in an observation side here. Since a phase shifts 180 degrees in that case, after 
outdoor daylight passes a selective reflection layer and penetrates a quarter-wave 
length plate further, it turns into the linearly polarized light which intersects 
perpendicularly with the time of polarizing plate incidence, and is absorbed with this 
polarizing plate. It becomes possible for this to absorb the outdoor daylight reflected 
with the reflector, and to be able to prevent the outgoing radiation to the exterior, 
consequently to improve a contrast property. 

[0013] Moreover, the luminescence light by which outgoing radiation was carried out 
from the luminous layer is unpolarized light, and consists of a component of both the 
left-handed circularly-polarized light and the right-handed circularly polarized light. 
Among them, one circular polarization of light component is made into the linearly 
polarized light of bearing which penetrates this selective reflection layer, without being 
reflected in a selective reflection layer, and penetrates a polarizing plate with a 
quarter-wave length plate, and penetrates a polarizing plate. Selective reflection of the 
circular polarization of light component of another side is carried out by the selective 
reflection layer, it carries out incidence to a reflector, again, a phase is shifted 180 
degrees, it is reflected with a reflector, and it turns into a circular polarization of light 
component of the reverse sense, finally penetrates a selective reflection layer and a 
polarizing plate, and outgoing radiation is carried out to an observation side. 
[0014] Therefore, according to the above-mentioned EL element, while being able to 
raise a contrast property sharply as compared with the former, it becomes possible to 
carry out outgoing radiation of the great portion of light which emitted light from the 



luminous layer to an observation side, and twice [ more than ] as many display 

brightness as this is obtained as compared with the former. 

[0015] 

[Embodiment of the Invention] Hereafter, the EL element concerning the gestalt of 
implementation of this invention is explained to a detail, referring to a drawing. First, 
the basic configuration of the EL element concerning the gestalt of this operation is 
explained. 

[0016] As shown in drawing 1 , as for the EL element, the selective reflection layer 12 
which consists of a cholesteric-liquid-crystal layer of the shape of Ferrum which was 
mostly equipped with the rectangle-like transparence substrate 10, and polymer-ized 
cholesteric liquid crystal to the this transparence substrate observation-side which 
consists of glass, the quarter-wave length plate 14, and the polarizing plate 16 are 
formed in order. Moreover, while two or more wiring 20 is formed in the shape of a 
matrix, it corresponds for every pixel and the luminous layer 22 and the reflector 24 are 
formed in the tooth-back side of the transparence substrate 10 in order. 
[0017] An optical axis is arranged and the outdoor daylight which carried out incidence 
turns into the left-handed circularly-polarized light so that a polarizing plate 16 and the 
quarter-wave length plate 14 may make the outdoor daylight (unpolarized light) which 
carried out incidence the left-handed circularly-polarized light, for example. Moreover, 
the molecule of the cholesteric-liquid-crystal layer which constitutes the selective 
reflection layer 12 is seen from a luminous layer 22 side, and has counterclockwise 
spiral structure. Thereby, the selective reflection layer 12 reflects only a 
left-handed-circularly-polarized-light component among the incident light which 
reaches the principal plane by the side of the luminous layer 22, with the component to 
reflect, reflects only a left-handed-circularly-polarized-light component among the 
incident light which reaches the principal plane of the opposite side, and has the 
function which penetrates a right-handed-circularly-polarized-light component while it 
penetrates the right-handed-circularly-polarized-light component of the circumference 
of reverse. 

[0018] According to the EL element of the above-mentioned configuration, the outdoor 
daylight which carried out incidence through the polarizing plate 16 turns into the 
left-handed circularly-polarized light by passing along a polarizing plate 16 and the 
quarter-wave length plate 14, it does not reflect by the selective reflection layer 12, but 
this left-handed circularly-polarized light is penetrated as it is. Therefore, incidence of 
the outdoor daylight which carried out incidence is carried out to a reflector 24, and it is 
reflected in an observation side here. And since the outdoor daylight reflected with the 



reflector 24 turns into the linearly polarized light which intersects perpendicularly with 
the time of polarizing plate 16 incidence after it passes the selective reflection layer 12 
and penetrates the quarter-wave length plate 14 further, since a phase shifts 180 
degrees, it is absorbed with this polarizing plate 16. Therefore, it becomes possible at 
the time of the black display of an EL element to absorb the outdoor daylight reflected 
with the reflector 24, and to be able to prevent the outgoing radiation to the exterior, 
consequently to improve a contrast property. 

[0019] On the other hand, the luminescence light by which outgoing radiation was 
carried out from the luminous layer 22 is unpolarized light, and consists of a component 
of both the left-handed circularly-polarized light and the right-handed circularly 
polarized light. Among them, a right-handed-cfrcularly-polarized-light component is 
made into the linearly polarized light of bearing which penetrates this selective 
reflection layer, without being reflected in the selective reflection layer 12, and 
penetrates a polarizing plate 16 with the quarter-wave length plate 14, and penetrates 
a polarizing plate. On the other hand, selective reflection of the 
left-handed-circularly-polarized-light component is carried out by the selective 
reflection layer 12, it carries out incidence to a reflector 24, again, a phase is shifted 180 
degrees, it is reflected with a reflector, and it turns into a 
right-handed-circularly-polarized-light component, finally penetrates the selective 
reflection layer 12 and a polarizing plate, and outgoing radiation is carried out to an 
observation side. 

[0020] According to this EL element, while being able to raise a contrast property 
sharply as compared with the former, it becomes possible to carry out outgoing radiation 
of the great portion of light which emitted light from the luminous layer 22 to an 
observation side, and twice [ more than ] as many display brightness as this is obtained 
from the above thing as compared with the former. Moreover, the function and the 
effectiveness which was not concerned with the luminescent color but mentioned above 
can acquire by the one or more-layer cholesteric-liquid-crystal layer from which the 
laminating of two or more cholesteric-liquid-crystal layers from which a spiral pitch 
differs the selective-reflection layer 12, respectively was carried out, and they were 
constituted, or the spiral pitch changed in the direction of thickness continuously 
constituting, and considering as the configuration which reflects the circular 
polarization of light segment of the same direction as the direction of a spiral to the 
light of the wavelength of the light whole region. 

[0021] Next, the example of the EL element constituted as mentioned above is explained. 
Here, the EL element was created using organic EL luminescent material with the 



same process as usual, and the ingredient. In this case, as a selective reflection layer 12, 
on the transparence substrate 10 which consists of glass, the laminating was carried out 
so that spiral pitches might be 300, 340, 390, 450, and 520 or 590nm, respectively and 
0.1 and the average refractive index n might serve as [ deltan ] planar orientation in two 
or more cholesteric-liquid-crystal layers of 1.6. 

[0022] The thickness of each cholesteric-liquid-crystal layer carried out by about 10 
times the spiral pitch. Moreover, a spiral pitch is the die length which is effectually in 
agreement with various light wavelength, and each cholesteric-liquid-crystal layer 
reflects the direction of torsion of a liquid crystal molecule and the circular polarization 
of light of the same direction, i.e., the left-handed circularly-polarized light, among the 
light of the wavelength of np value which multiplied the spiral pitch by the average 
refractive index. The reflection factor of each cholesteric-liquid-crystal layer turns into 
100% of reflection factors by about 10 times [ of a spiral pitch ] thickness depending on 
thickness. Therefore, each cholesteric-liquid-crystal layer reflects the light of the 
bandwidth which multiplied the spiral pitch by deltan and the spiral pitch among the 
left-handed circularly-polarized lights focusing on the light of the wavelength of np 
value which multiplied by the average refractive index. 

[0023] As mentioned above, the selective reflection layer 12 which reflects the 
left-handed circularly-polarized light alternatively to the wavelength of the light whole 
region mostly can be obtained by creating six sorts of cholesteric-liquid-crystal layers 
from which a spiral pitch differs to the thickness from which the reflection factor of the 
left-handed circularly-polarized light becomes 100% on each class, and obtaining 
reflection of the bandwidth which multiplied by deltan and the spiral pitch on each class. 
Thus, the formed cholesteric-liquid-crystal polymer layer is hardened by ultraviolet 
curing, thermal polymerization, etc., and it enabled it to deal with it as a film or film. 
[0024] In addition, a spiral pitch may constitute a selective reflection layer from a single 
cholesteric-liquid-crystal layer which changed continuously not only along the 
configuration which carried out the laminating of two or more cholesteric-liquid-crystal 
layers from which a spiral pitch differs but along the direction of thickness, and the 
same operation effectiveness as the above is acquired even in this case. Moreover, not 
using a liquid crystal polymer, even if it forms as a liquid crystal layer using two or 
more substrates, the same optical effectiveness is acquired. 

[0025] On the selective reflection layer 12 formed as mentioned above, lamination and 
the quarter-wave length plate 14 were formed [ the with a retardation value / of 140nm / 
which consists of ATON resin phase contrast plate ] for lamination and a with a 
retardation value [ of 270nm ] which consists of ATON resin so that an optical axis may 



rub the include angle of 62.5 degrees to the longitudinal direction of an EL element on it 
further phase contrast plate so that an optical axis might make the include angle of 125 
degrees counterclockwise to the longitudinal direction of an EL element. Then, the 
polarizing plate 16 was stuck so that an optical axis might serve as an include angle of 
45 degrees to the longitudinal direction of an EL element. 

[0026] By sticking with the include-angle configuration which mentioned above the 
phase contrast plate and polarizing plate such whose retardation values are 140nm and 
270nm, to the wavelength of the light whole region, two phase contrast plates act as a 
quarter-wave length plate 14, and function as a lefthanded-circularly-polarized-light 
plate including a polarizing plate 16. 

[0027] Also in the EL element constituted as mentioned above, the effectiveness of 
carrying out outgoing radiation of acid resisting of outdoor daylight and almost all the 
light of luminescence light was able to be acquired. Drawing 2 shows the result of 
having compared the contrast property of an EL element (curve C) which does not have 
a polarizing plate and a selective reflection layer in the EL element (curve A) concerning 
this example, the EL element (curve B) equipped only with the polarizing plate, and a 
list with various illuminances. 

[0028] If an EL element (curve C) without a polarizing plate is compared with the EL 
element (curves A and B) equipped with the polarizing plate as shown in this drawing, 
the way in which the polarizing plate was prepared can acquire a high contrast property 
also in which illuminance. This depends the outdoor daylight reflected with the reflector 
on the effectiveness absorbed with a polarizing plate, as mentioned above. 
[0029] Moreover, when two EL elements (curves A and B) which prepared the polarizing 
plate are compared, it turns out that the contrast property like the gestalt of this 
operation that the EL element equipped with the selective reflection layer is still higher 
can be acquired. The display brightness of the EL element which this requires for the 
gestalt of this operation originates in having become a twice as many abbreviation as 
this as compared with an EL element without a selective reflection layer. 
[0030] According to the gestalt of this operation, the EL element excellent in the both 
sides of a contrast property and high display brightness can be obtained from the above 
thing. In addition, this invention is variously deformable within the limits of this 
invention, without being limited to the gestalt of operation mentioned above. For 
example, although the organic electroluminescence light emitting device was explained 
to the example, it cannot be overemphasized that the effectiveness that this invention is 
the same even when inorganic EL luminous layer is used regardless of the class of 
luminous layer is acquired. 



[0031] In the gestalt of operation mentioned above, an EL element is good also as a 
configuration which does not have a transparence substrate between a selective 
reflection layer and a luminous layer, there is nothing and things can do parallax which 
originates in a transparence substrate in this case. 

[0032] Moreover, in the EL element in which the luminous layer and the reflector were 
formed on the transparence substrate, when a luminous layer is located between a 
transparence substrate and a reflector, as shown in drawing 3 , the selective reflection 
layer 12 which consists of a cholesteric-liquid-crystal layer may be formed between the 
luminous layer 22 and the transparence substrate 10. As shown in drawing 4 , when 
similarly a reflector 24 is located between the transparence substrate 10 and a 
luminous layer 22, a luminous layer 22 may be formed between a reflector and a 
selective reflection layer. According to such a configuration, after being reflected by the 
selective reflection layer 12, the luminescence light from a luminous layer 22 is changed 
into the light which is further reflected by the reflector and penetrates a selective 
reflection layer again, finally it penetrates a polarizing plate, outgoing radiation is 
carried out to an observation side, and it can carry out outgoing radiation of the 
luminescence light in that case, without producing parallax. 
[0033] 

[Effect of the Invention] As explained in full detail above, according to this invention, 
the EL element excellent in both a contrast property and display brightness can be 
offered by preparing the selective reflection layer and polarizing plate which reflect 
alternatively the 1st circular polarization of light component of incident light. 



